INTRODUCTION
Homeobox genes greatly contribute to the pattern for mation of embryos by encoding many homeodomain transcriptional regulators [1, 2] . The human gene of pan creaticduodenal homeobox1 (PDX1) is located at chromosomal locus 13q12.1 [3] . In adults, PDX1 is ex pressed in Brunner's glands of the duodenum, pancreatic β cells and gastric pyloric gland cells. As one of the key homeodomain transcription regulators, PDX1 plays an important role in the development of the digestive system, including antrum, duodenum, and pancreas [4, 5] . PDX1 is also a biomarker of pancreatic stem cells and regulates normal islet function [6] . In addition, PDX1 is expressed in the distal stomach and is involved in the secretion of hormones, such as somatostatin, serotonin, and gastrin [4] . Dysregulation of PDX1 may lead to pancreatic and gastric carcinogenesis. For example, over expression of PDX1 was shown to be associated with the development of pancreatic cancer as it promoted proliferation, invasion, and colony formation in cancer cells [7] . Moreover, we earlier reported downregulation of PDX1 in gastric cancer, which suggests its potential role as a tumor suppressor. Further, overexpression of PDX1 induced apoptosis and inhibited proliferation, clone formation, and migration of gastric cancer cells. In addition, stable transfection with PDX1 was shown to suppress development of gastric cancer in vivo [8] . We have also shown that silencing of PDX1 in gastric cancer is likely caused by promoter hypermethylation and histone hypoacetylation [9] . However, the downstream mechanism by which PDX1 mediates gastric tumori genesis remains elusive.
Proteins are the fundamental molecules that perform cellular functions. Changes in the protein expression profile under pathological conditions may reflect potential pathogenic mechanisms. Proteomic approaches represent a powerful tool to explore the underlying mechanism of tumorigenesis by characterizing the cellular events related to tumor development, angiogenesis, and pro gression. A number of proteomic approaches have been used to investigate the pathogenesis of gastric cancer [1012] . Among these, 2D gel electrophoresis is a conventional approach and has been the principal step in the development of proteomics. Subsequent to 2D gel electrophoresis, protein expression profiles have been elucidated by computational image analysis and identified by mass spectrometry [13] . Although a number of different proteomics techniques have evolved in recent years, 2DEbased proteomics is still widely used to identify cancerassociated proteins [14] . To clarify the role of downstream mediators of PDX1 in gastric tumorigenesis, we established a PDX1over expressed gastric cancer cell model by transfection. After validation of the PDX1 overexpressed model, we used a 2D gelbased proteomic approach to determine the differentially expressed proteins as compared to that in the empty vector transfected gastric cancer cells. The expressions of identified candidate proteins were further assessed by realtime qRTPCR and/or immunoblotting. Finally, coimmunoprecipitation was used to examine whether a differential protein, HSP70 has direct inter actions with PDX1 protein. Our results will greatly extend our understanding of the mechanisms of PDX1 mediated effects on gastric tumorigenesis.
MATERIALS AND METHODS

Cell culture
Human gastric cancer cell line SGC7901 was cultured in RPMI1640 medium supplemented with 10% fetal bovine serum (FBS), 100 μg/mL streptomycin, and 100 μg/mL penicillin. The cells were maintained in a constant temperature incubator at 37 ℃ and 5% CO2. The cells were harvested and passaged as required.
Cell transfection and protein sample preparation
The vector of pcDNA3.1(+)PDX1 was established accor ding to the methods previously published [15] . The SGC7901 cells were cultured in 6well plates and transfected with pcDNA3.1(+)PDX1 vector (SGCPDX1) or pcDNA3.1(+) control vector (SGCpcDNA) using liposome transfection reagent (Lipofectamine™ 2000 Transfection Reagent, ThermoFisher Scientific, United States). After six hours, fresh complete medium was used to replace the transfection medium and the cells of each group were aliquoted in triplicate. After 24h incubation, the transfected SGC7901 cells were harvested for protein extraction. Initially, the culture plates were placed on ice, followed by addition of 250 μL lysis buffer for 10 min. The lysed cells were scraped off and sonicated for 10 min. Subsequently, the cell lysates were centrifuged at 20000 g for 30 min, and the supernatant containing cell proteins was collected. The whole cell lysate proteins were purified using a Cleanup kit (ProteoPrep ® Total Extraction Sample Kit, SigmaAldrich, United States) to remove salt and lipid impurities. Protein concentration was determined by bicinchoninic acid (BCA) method. Finally, 600 μg protein from each sample was used for 2D gel electrophoresis.
2D gel electrophoresis, image analysis, and mass spectroscopy
2D gel electrophoresis was performed according to the method described elsewhere [16] . The differential protein spots between the two groups were excised using an automated Spot Handling Workstation (Amersham pharmcia, Biotech) and were subjected to discoloration and dehydration. The proteins were digested by trypsin and the peptides were obtained using peptide extraction buffer. The peptide suspension was vacuumdried and resuspended in D/W. The resus pended peptide extracts were then spotted on a matrix assisted laserdesorption ionization (MALDI) target. MALDIMS analysis was conducted through a MALDI time-of-flight (MALDI-TOF) mass spectrometer (Applied Biosystems, United States) and peptide mass mapping was performed by searching the NCBInr database.
qRT-PCR analysis
Total RNA from the cells was isolated using a Mini RNease RNA extract kit (Qiagen, Germany) according to the manufacturer's instructions. cDNA was reverse transcribed from total RNA using a Thermoscript RTPCR system (Gibco BRL, Gaithersburg, MD, United States). Applied Biosystems Sequence Detection System 7900 (Applied Biosystems, United States) was used to perform the qRTPCR analysis. The reaction was performed using 10 μL mixture of 300 ng cDNA templates, 500 nmol of each primer and Power SYBR GREEN PCR Master Mix (Applied Biosystems, United States) as previously reported [8] . The generated melting curves and CT values were used to calculate the copy numbers of PDX1 or HSPs mRNA. Online tool was utilized to design the PCR primers and the corresponding sequences, which are shown in Table 1 .
Immunoblotting
As described in our previous study [8] , the whole cell lysate protein was mixed with SDSPAGE sample buf fer and boiled for five minutes. Prepared protein sam ples were separated by SDSPAGE electrophoresis and electrotransferred onto polyvinylidene fluoride membranes. After blocking, the membranes were blotted with primary antibodies against PDX1, HSP27, HSP60, and HSP70 (Santa Cruz Biotechnology). The membranes were then incubated with horseradish peroxidase (HRP) conjugated secondary antibodies and visualized using an enhanced chemiluminescence system (Amersham, Piscataway, NJ, United States).
Co-immunoprecipitation
SGC7901 cells were cotransfected with both pc DNA3.1(+)PDX1 and pcDNA3.1(+)HSP70 plasmids and cultured for 24 h. The cells were subsequently washed with PBS and lysed using lysis buffer (1 mmol/L pheny lmethylsulfonyl fluoride, 5 mmol/L 2mercaptoethanol, 2 mmol/L MgCl2, 20 mmol/L HEPES, 150 mmol/L NaCl, 10 μg/mL leupeptin and 10 μg/mL aprotinin). The lysates were transferred onto protein A beads (Thermo Fisher Scientific) and incubated overnight with primary antibodies for PDX1 or HSP70 (Santa Cruz Biotechnology) at 4 ℃. of pcDNA3.1(+)PDX1 (SGCPDX1). The whole cell lysate proteins were extracted and subjected to immunoblotting to confirm the establishment of PDX1 overexpressed model. As shown in Figure 1A , the expression of PDX1 in pSGCPDX1 cells was significantly increased compared to that in the SGCpcDNA cells. These results indicated the successful establishment of a PDX1 overexpressed model, which was further used for 2D gelbased proteomic analysis.
Differentially expressed protein profiles in PDX1 overexpressed model revealed by 2D gel-based proteomics
The comparative protein profile of PDX1 overexpressed model and control group was determined using 2D PAGE coupled with MALDITOFMS. The 2DE maps were displayed between a pH range of 310. Figure 2A and 2B shows the representative 2DE maps of SGCPDX1 and SGCpcDNA. Compared with SGCpcDNA control cells, seven proteins were found to be downregulated about twofold in SGCPDX1 cells ( Figure 2C ). The seven The beads were washed twice using lysis buffer to remove unbound proteins. To elute the bound proteins, the beads were then resuspended in sample buffer and boiled at 95 ℃ for three minutes. The collected unbound and bound proteins were stored at 80 ℃ for further use during immunoblotting.
Statistical analysis
Data are presented as mean ± SD, and the differences in continuous variables were assessed by MannWhitney U test (Student t test). Pvalues < 0.05 were considered statistically significant and all statistical tests were twotailed.
RESULTS
Establishment of PDX1 overexpressed model using gastric cell line
To study the downstream mechanisms of PDX1 in gastric carcinogenesis, we established a PDX1 overexpressed model of gastric cancer cell line SGC7901 using a vector
Gene name
Forward Reverse Product size (bp) differentially expressed protein spots were excised from replicate 2Dgels and the corresponding peptides were obtained by proteolytic digestion. Extracted peptides were subjected to MALDITOFMS analysis and then the database search was performed. The seven differentially expressed proteins were identified as, heat shock protein (70 kDa) and its isoforms, heat shock protein (60 kDa), heat shock protein (27 kDa), glucose regulated protein (58 kDa), laminin receptor 1, epsilon isoform of 1433 protein. The detailed information of the seven differentially expressed proteins is shown in Table 2 .
Validation of differentially expressed proteins by qRT-PCR and immunoblotting
Through literature search and review, we found that the heat shock proteins (HSPs) were shown to play an important role in the regulation of tumorigenesis, including proliferation, invasion, and colony formation of cancer cells [1719] . This finding suggested that the HSPs might also be involved in gastric carcinogenesis because they also showed differential protein expressions in SGCPDX1 as revealed by 2D gelbased proteomics. Therefore, we selected the heat shock proteins for further evaluation.
SGC7901 cells were maintained under the same culture conditions and transfected with corresponding vectors as mentioned earlier. Total RNA and whole cell proteins were extracted for qRTPCR and immunoblotting, respectively. The expression of PDX1 mRNA was significantly upregulated in SGCPDX1 cells as compared to that in the control group (Figure 3) . This indicated the successful transfection of SGC7901 cells with the PDX1 gene. In addition, the mRNA levels of the HSP70 isoforms (HSPA1B, HSPA1L, HSPA2, HSPA6), HSP27, and HSP60 were found to have increased after PDX1 overexpression (Figure 3 ) in SGC7901 cells. Immunoblotting confirmed that the expression of the PDX1 protein was significantly increased in SGCPDX1 cells. Moreover, the expression of HSP70, HSP27, and HSP60 were downregulated in SGCPDX1 cells (reduced to 80%, 24%, and 20%, respectively), which was consistent with the proteomic results ( Figure 1) . However, these results demonstrated the opposite patterns of mRNA and protein expression of HSP70, HSP27, and HSP60 in SGCPDX1 cells, which suggests that the expressions of these proteins were posttranslationally regulated in SGCPDX1 cells.
Interaction between PDX1 and HSP70 evaluated by coimmunoprecipitation
Results of immunoblotting showed that the difference in the expression of HSP70 between the two groups was much higher than that for the other two HSP proteins, which emphasized the significance of the HSP70 protein in PDX1mediated effects on gastric tumorigenesis. Therefore, we further evaluated whether PDX1 and HSP70 proteins have direct interactions. SGC7901 cells were cotransfected with both pcDNA3.1(+)PDX1 and pcDNA3.1(+)HSP70 plasmids and cultured for 24 h. The whole cell lysate protein of cotransfected SGC7901 cells were then subjected to coimmunoprecipitation. As illustrated in Figure 4A , both PDX1 and HSP70 pro teins were identified in the cell lysate proteins of co transfected SGC7901 cells, which confirmed the input of PDX1 and HSP70 proteins in coimmunoprecipitation assay. The whole cell lysate proteins were then subjected to coimmunoprecipitation assay using precipitating antibodies against PDX1 and HSP70. The corresponding immunoprecipitated proteins were further detected by immunoblotting using primary antibodies against HSP70 and PDX1. Interestingly, no significant binding between PDX1 and HSP70 proteins was observed (Figure A 
DISCUSSION
Gastric cancer is a leading cause of cancerassociated mortality across the world [20] . Despite years of extensive research, the molecular mechanisms involved in the pathogenesis of gastric cancer are not completely understood. Recent advances in proteomics display its great potential for use in cancer diagnosis, prognostic assessment, and to understand the molecular mechanism of carcinogenesis. Proteomic approaches have been widely applied in research on gastric cancer [2123] . Liu et al [24] used 2D gelbased proteomics to compare the differential serum protein profiles between gastric cancer patients and healthy controls, and identified several serum biomarkers for gastric cancer. Poon et al [22] also demonstrated that an exclusive serum proteomic fingerprint, identified by SELDIbased proteomics, can be used for noninvasive diagnosis of gastric cancer. In addition, many prognostic biomarkers of gastric can cer were identified by proteomic approaches, such as S100P [25] and S100A9 [25] proteins. Chen et al [26] utilized a quantitative proteomic technique to identify the diffe rentially expressed proteins in metastatic gastric cancer cells as compared to that in noninvasive gastric cancer cells. After downstream validation, they found that vimentin and galectin1 were potential markers of gastric cancer metastasis and suggested their involvement in cellcell and cellECM adhesion interactions. PDX1 is a member of the homeobox family and plays an important role in the development of embryonic digestive system. A previous study demonstrated that PDX1 knockout mice showed abnormal growth of gastro duodenal junction, which increased the difficulty in emptying gastric contents and ultimately led to gastric retention [27] . Aberrant expression of the PDX1 gene has been associated with carcinogenesis. PDX1 was shown to function as a tumor promoter by enhancing the proliferation, invasion [28] , and induction of acinarto ductal metaplasia [29] in pancreatic cancer. Hence, there is a growing interest to develop a novel therapy for pancreatic cancer by targeting PDX1. Interestingly, PDX1 was also found to be associated with the tumorigenesis of gastric cancer. Both Faller et al [30] and Sakai et al [31] have reported abnormal expression of PDX1 protein in pseudopyloric glandular metaplasia. In a previous study, we found that PDX1 protein was downregulated in Helicobacter pylori infection, incisural antralisation, and intestinal metaplasia [32] . We further identified significantly decreased PDX1 mRNA and PDX1 protein expression in gastric cancer cells. Downregulation of PDX1 in gastric cancer tissues might be caused by promoter hyper methylation and histone hypoacetylation [9] . We also observed that the transient overexpression of the PDX1 gene could inhibit proliferation and induce apoptosis of gastric cancer cells. Moreover, stable overexpression of the PDX1 gene suppressed colony formation, wound healing, migration of gastric cancer cells, and decreased tumor incidence in nude mice; these findings imply that PDX1 may act as a tumor suppressor in the context of gastric cancer [8] .
In the present study, we sought to clarify the down stream mediators of PDX1mediated effects on gastric cancer tumorigenesis. We used 2D gelbased proteomics to identify differentially expressed proteins between PDX1overexpressed gastric cancer cells and the control empty vector transfected gastric cells. Seven differentially expressed proteins were identified by proteomic ana lysis, which included three heat shock proteins. The three HSPs proteins, HSP70, HSP60, and HSP27, were significantly decreased in gastric cells after PDX1 overexpression. The results of immunoblotting analysis were consistent with those of proteomics analysis. However, the mRNA levels of HSP70, HSP60, and HSP27 were significantly increased after PDX1 overexpression. These results indicated that overexpression of PDX1 Table 2 Differential protein spots between SGC7901 with pcDNA3.1(+)-pancreatic-duodenal homeobox-1 (PDX1) vector and SGC7901-pcDNA cells analyzed by matrix-assisted laser desorption ionization-time of flight-mass spectrometry could downregulate HSP70, HSP60, and HSP27 proteins through posttranslational regulation pathways, such as mRNA degradation, glycosylation, degradation, or phosphorylation.
HSPs are a group of chaperone proteins that play dual roles in tumorigenesis [33] . HSP70, HSP60, and HSP27 proteins were reported to be upregulated in gastric cancer and associated with tumor progression and poor prognosis [3436] . Our immunoblotting analysis revealed that HSP70 proteins showed the greatest differential expression in PDX1overexpressed gastric cells, which emphasized its significance in PDX1 mediated effects on gastric cancer tumorigenesis. Besides, HSP70 protein was shown to serve as a tumor promoter in gastric cancer by reducing apoptosis [37, 38] . Therefore, PDX1 might affect the apoptosis of gastric cancer cells by regulating the expression of HSP70. To further evaluate the interaction between PDX1 and HSP70, we performed a coimmunoprecipitation assay. However, no direct interactions could be found between the two proteins, which indicates that there may be some intermediate mediators that link PDX1 and HSP70 proteins in the regulation of gastric cancer tumorigenesis. Hence, fur ther studies are warranted to elucidate the relationship between PDX1 and HSP70, along with a detailed mechanism regarding their collaboration to regulate gastric tumorigenesis.
In conclusion, our study showed that proteomics is a powerful tool to study the molecular mechanisms involved in the genesis of gastric cancer. In addition, the inhibition of PDX1 in gastric cancers may contribute to the upregulation of HSPs, especially HSP70.
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Research background
As one of the homeobox genes that play critical roles in the pattern formation of embryos, pancreatic-duodenal homeobox-1 (PDX1) is widely expressed in Brunner's glands of the duodenum, pancreatic β cells, and gastric pyloric gland cells. PDX1 plays a key role in the development of the digestive system, including antrum, duodenum, and pancreas. Downregulation of PDX1 has been observed in gastric cancer, which suggests its potential role in gastric tumorigenesis. Nevertheless, the downstream mechanisms that mediate the effect of PDX1 on gastric tumorigenesis are still poorly understood.
Research motivation
Although PDX1 has been found to be involved in gastric tumorigenesis, its downstream regulating mechanism is still unclear.
Research objectives
To clarify the differential protein profile in PDX1-overexpressed gastric cell line and explore functional proteins involved in PDX1-mediated effects on gastric tumorigenesis.
Research methods
A PDX1-overexpressed model was established using gastric cancer cell line SGC7901 (SGC-PDX1). As a method that is still widely used to identify cancer-associated proteins, 2DE-based proteomics was applied to determine the differential protein profile between SGC-PDX1 and SGC-pcDNA. The differential proteins were then subjected to qRT-PCR and immunoblotting for further confirmation. Finally, direct interactions between PDX1 and the identified differential proteins were evaluated by co-immunoprecipitation.
Research results
Seven proteins were found to be differentially expressed in SGC-PDX1 using 2-DE proteomics. Immunoblotting confirmed that the three differential HSPs (HSP70, HSP60, HSP27) were downregulated in SGC-PDX1. However, qRT-PCR analysis identified increased HSP mRNA in SGC-PDX1, which indicates that PDX1 may post-translationally regulate the expression of the HSPs. Further study is warranted to elucidate the relationship of HPS70 and PDX1, as co-immunoprecipitation did not identify direct interaction between them.
Research conclusions
HSPs are involved in PDX1-mediated effects on the genesis of gastric cancer and the interaction between HSP70 and PDX1 is indirect.
Research perspectives
This study demonstrates the involvement of HSPs in PDX1-mediated effects on gastric tumorigenesis. Further study is warranted to elucidate the downstream regulating mechanism of PDX1 on HSPs. 
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